Fig 3 Further fluorescein photograph taken a few seconds after Fig 2. The passage ofdye has reached the late arterial and mid-venous stage. The image of the large arterioles is beginning to fade, particularly axially,
and the branch arteriole seen at the top of Fig 2 has emptied. The large vein in the lower right corner of the photograph shows laminarflow, thefluorescein from the proximal venules remaining close to the walls of the vessel. The capillary bedjust outside the macula is well filled and in some areas the normal reticular pattern can be seen. Many of the arterioles and venules are abnormal in size and shape, and there are many microaneurysms of differing sizes, related to both arterioles and veins. There are a number of diffuse spots where fluorescein has leaked extravascularly. Centred on the macula is a large irregular dark area ofcapillary closure; it is devoid of vessels save for a few, irregular and grossly abnormal, which cross it. The size of the area far exceeds the physiological avascular zone at thefovea seem increased, but occasionally slowed, suggesting that the vessels do not act in any way as shunts, but are the survivors of an obliterative process. The neuro-ophthalmological complications of diabetes include ocular palsies, pupillary abnormalities, visual field defects, 'optic neuritis' and optic atrophy.
Ocular Palsies Ocular palsies occur in 0 5 % of diabetics and the majority of cases present with diplopia in undiagnosed diabetes and either glycosuria or a mildly diabetic glucose tolerance curve is found.
The patients usually belong to the maturity onset group and the III nerve is as likely to be affected as the VI; both nerves together are not infrequent but an isolated IV nerve palsy is exceedingly rare. One of the characteristic features of the III nerve palsy seen in diabetes is that the pupil is usually not dilated and this is in marked contrast to III nerve palsy seen with pressure, e.g. in an aneurysm, when involvement of the pupil is an early and almost invariable sign of oculomotor paralysis. This is an important point not only in diagnosis but also in considering pathogenesis. The sudden onset, together with localized headache, would suggest a hlmorrhage into the brain stem involving the III nerve nucleus, but since the deficit in III nerve function is only partial, it is difficult to visualize a hamorrhage so localized. A more likely explanation is an occlusive lesion of the vasa nervorum (Dreyfus et al. 1957 ) which affects predominantly the central fibres of the nerve and spares the peripheral pupillooonstrictor fibres (Kerr & Hollowell 1964); the usual recovery within a few weeks is also more in favour of a thrombotic than a hWmorrhagic lesion.
Pupillary Abnormalities Sluggish responses are said to be due to glycogen deposition in the iris, but this does not explain the differential response to light and convergence seen in the Argyll Robertson pupil where the site of the lesion is in the mid-brain. Argyll Robertson pupils in diabetes are uncommon but their association with absent knee and ankle reflexes due to a peripheral neuropathy produces the syndrome of diabetic 'pseudo-tabes'; the distinction from tabes should not prove difficult since in a peripheral neuropathy the sensory loss has a glove-and-stocking distribution; furthermore, the Charcot's joints seen in diabetes usually occur in the foot. Horner's syndrome (ptosis and miosis) is due to involvemnent of the carotid sympathetic plexus in carotid occlusion; this is not specific to diabetes which has, however, an increased incidence of cerebrovascular disease.
Visual Field Defects
Homonymous hemianopia may be due to occlusive lesions in the distribution of either the carotid or the vertebrobasilar system. With a middle cerebral or carotid lesion there are likely to be other signs of parietal lobe involvement such as increased reflexes or sensory loss on the side of the field defect. These defects, as well as the unilateral amblyopia seen in so-called carotid 'insufficiency', are not specific to diabetes, but occur in cerebrovascular disease from whatever cause and the indications for arteriography and treatment are the same.
'Optic Neuritis' The terms 'optic' and 'retrobulbar' neuritis are traditional but, as with other terms in medicine, their meaning changes with usage and the etymological derivation is no longer accurate. Just as 'peripheral neuritis' does not mean an inflammation of the peripheral nerves but a clinical syndrome characterized by weakness and wasting of peripheral distribution, absent reflexes and sensory loss of peripheral distribution, so 'optic neuritis' does not mean an inflammation of the optic nerve, but a clinical syndrome which includes retrobulbar neuritis if there is no fundal abnormality during the acute attack, 'papillitis' if there is cedema of the optic nerve head and 'neuro-retinitis' if the cedema spreads to the retina.
These patients are usually between the ages of 15 and 45 years, more commonly female, and present with blurred vision in one eye which is usually associated with pain on eye movement; in the majority of cases the amblyopia clears within six weeks. The field defect is generally a central scotoma and, even when recovery of vision is complete, temporal pallor is nearly always seen (Rose 1964) .
Although diabetes is listed in textbooks as a cause of optic and retrobulbar neuritis, most of the cases in the literature concern an older age group; the onset is insidious, affects both eyes, and the course is progressive and recovery unusual. There are many causes of poor vision in diabetes but if retrobulbar or optic neuritis, as here defined, occurs in diabetics, the association is surely fortuitous since they are both common diseases.
Optic Atrophy Optic atrophy can occur in diabetes from all sorts of causes, e.g. following retinal vascular occlusion, but the evidence that diabetes per se is a cause is surprisingly scanty. The earlier cases in the literature were almost invariably in smokers of shag, and they were probably examples of tobacco amblyopia (Nettleship & Edmunds 1881 , Edmunds & Lawford 1883 .
There is, however, a quite distinct association of optic atrophy with juvenile diabetes. In these cases the diabetes is not a cause but a genetic association of the optic atrophy. The evidence for this is partly that the diabetes may occur several years after the onset of the ocular disturbance. There have been several families reported in which two or more siblings were affected with juvenile diabetes and optic atrophy (Wolfram 1938) . In these families the genetic association was recognized, particularly as there is sometimes a history of consanguinity and other neurological deficit, especially deafness (Shaw & Duncan 1958) . Other genetic neurological diseases such as Friedreich's ataxia also have an association with diabetes (Darnaud et al. 1964) .
At the Royal Eye Medical Ophthalmology Unit we have seen another 7 cases in six separate families, so that the evidence for a genetic association between the diabetes mellitus and the optic atrophy has been partly inferred from a study of the literature, but 2 of the cases were children of consanguineous marriages. The diabetes is of the juvenile, ketotic insulin-sensitive type and starts between the ages of 2 and 15 years with a mean of 10 years; the optic atrophy may be noticed before or after the onset of the diabetes. These cases will be published in detail elsewhere (Rose, Fraser, Sorsby, Friedmann & Kohner, in preparation) since they consist of a spectrum of recessive syndromes and have a wider implication in the inheritance of diabetes.
